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Abstract 
TFA-MOD process is expected to be promising for future applications since it can produce high performance YBCO coated 
conductors (CCs) with low cost. Applying YBCO CCs to the power electric devices such as transformers and power cables, the 
reduction of alternating current (AC) loss for long wire is necessary. Multi-filamentation process, which is one of the most 
effective approaches for AC loss reduction, has been developed by the scribing process. We have developed the filamentation 
process using chemical etching. MOD derived CCs are, however, easily damaged in the chemical etching process due to 
existence of pores in a YBCO layer, resulting in critical current (Ic)-degradation and weak delamination strength. Consequently, 
it is difficult to scribe MOD derived CCs into 1mm-wide filaments for long length using the chemical etching process. 
Accordingly, we have studied a scribing process using an excimer laser without chemical etching. We defined P' value in this 
study as a function of irradiated laser power [J] divided by processing speed[m/s]. We studied relationship between the P' value 
and the results of scribing. It was found that we could scribe the C.C. with a sufficient depth in the condition of large P' value. 
Furthermore, we found that the Ic was degraded with further increase of the P' value. A 5mm wide short sample was divided into 
10 filaments by the excimer laser scribing process at the P' of 9[J/(m/s)]. The sample revealed reduction of the hysteresis loss 
down to 1/10 which could be expected from a theoretical prediction using the numbers of the filaments. Ic-degradation was 
suppressed as 28%, which was smaller than that of the scribed sample using chemical etching (Ic degradation was 38%). 
Subsequently, we applied the technique to a 100m long YBCO CC. The hysteresis loss of the 100m long MOD derived CC was 
reduced down to 1/10 (1/the number of filaments) after the multi-filamentation. 
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1. Introduction 
YBCO CCs with high critical current density (Jc) under the self-fields as well as the external magnetic fields 
would be expected for applications of electric power devices such as power cables, superconducting magnetic 
energy storage (SMES) and transformers. The metal-organic deposition (MOD) method using the starting solution 
containing trifluoroacetate (TFA) salts is one of the most promising methods for fabrication of long YBCO tapes 
cost-effectively with high superconducting property[1,2]. If one applies CCs to electric power devices, it is 
important to reduce their AC losses. In the previous work, we studied the multi-filamentation process by the laser 
scribing process with chemical etching for low AC loss MOD derived CCs [3,4]. However, MOD derived CCs are 
easily damaged in the chemical etching process due to existence of pores in the YBCO layer, resulting in Ic-
degradation and delamination. In this study, we have studied a new scribing technique without chemical etching by 
using the excimer laser. 
 
2. Experimental 
MOD derived CCs with 5mm in width were used for this study. The samples are of layered structure and consist 
of Ag/YBCO/CeO2/LaMnO3/MgO/GZO/HastelloyTM. The thickness of the YBCO layer and the Ag layer were 
1.5μm and 10μm, respectively. KrF excimer laser (Coherent, Inc. LPX200) was used as a laser light source for the 
scribing process. The details of the excimer scribing equipment can be found elsewhere [5]. We changed the laser 
power and the processing speed to investigate a relationship between process conditions and the results of scribing. 
The laser power and the processing speed were varied from 7.8 10-3 to 49  10-3 [J] and from 2.0  10-3 to 6.0 
 10-3 [m/s], respectively. 
The Ic values were measured by the conventional four-probe DC transport method with a criterion of 1μV/cm. 
The surface was observed by optical microscopy. The hysteresis loss was measured by the pickup coil method [6]. 
 
3. Results & discussion 
We defined an index of the irradiated energy density, “P”, expressed as 
  
                                                                                                                                                                                   (1)   
 
 
where, f is the repetition frequency, w is the beam width, t is the thickness of the Ag layer plus the YBCO layer and 
A is the constant. The f, w and t were fixed (90Hz, 50μm and 11.5μm, respectively) in this study. So we modified P 
to P' as a variable factor.  
 
                                                                                                                                                                    (2) 
 
 
Summation (∑) means the summing of the values of  power/speed for all scans. In this study, the number of scan 
was 2 or 3. P' expresses an amount of energy per unit length which is given by one pulse of the laser. 
Figures 2(a), (b) and (c) show surface observation results of the samples processed with different P' conditions by 
optical microscopy. The etching was carried out for the silver layer of these samples to investigate the results of 
processed groove after scribing process as shown in Fig.1. The sufficient scribing depth was confirmed in the case 
of P' ~ 9[J/(m/s)] as shown in Fig.2(c) since the metal substrate was observed at the groove. We also confirmed the 
sufficient scribing depth in the another case of P' ~ 9[J/(m/s)] with different laser power and processing speed. On 
the other hand, the scribing was insufficient due to electrical coupling between the filaments in the case of P' ӌ 
6[J/(m/s)] as shown in Fig.2(a) and (b). At least, it was found that the higher P' condition than 6[J/(m/s)] is necessary 
for scribing the superconducting layer.  
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As a next step, the short samples were divided into 10 filaments under the P’ conditions larger than 6[J/(m/s)] to 
investigate the influence of P’ on the Ic degradation. The results of the Ic measurements before and after the scribing 
processes are shown in Figs.3(a), (b) and (c). It was found that the Ic value degraded with increasing the P' value in 
these conditions.  
 
               
Fig. 1. Schematic drawings of the sample                    Fig. 2. Surface observation results in the scribing conditions of ; 
                                                                                        (a) P' ~ 4                             (b) P' ~ 6                           (c) P' ~ 9 
 
   
Fig. 3. Ic properties measurements before and after the scribing process in the conditions of ; 
                        (a) P' ~ 9                                                         (b) P' ~ 18                                                  (c) P' ~ 33 
 
The sample processed with P' ~ 9[J/(m/s)] showed the best result in this study. The hysteresis loss of this sample 
was measured to compare the effect of different scribing processes. We confirmed that the hysteresis losses were 
reduced down to 1/10 (1/ the number of filaments) in the samples by both processes of the chemical etching and the 
excimer laser. And the Ic degradation of the sample by the excimer laser scribing was 28% as shown in Fig.3(a), 
which was smaller than that of the scribed sample using the chemical etching (Ic degradation was 38%). For MOD 
derived CCs, the advantages of the excimer laser scribing process to the chemical etching one was confirmed in the 
short sample processed under the P' condition of  9[J/(m/s)] as shown in Table.1. 
 
      Table1. Comparison between laser scribing process with chemical etching and excimer laser scribing process 
Scribing processings Slot width Area reduction rate 
IC reduction 
by processing 
Hysteresis loss 
reduction 
Laser scribing with chemical etching 80~100ȣm 14% 24% 
1/10 (1/N)  
N: number of filaments 
Excimer laser scribing  (P' ~ 9) 50ȣm 11% 17% 1/10 (1/N) 
 
(a) (b) (c) 
Ic degradation: 28% Ic degradation: 39% Ic degradation: 46% 
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The P' value of 9[J/(m/s)] was selected as a suitable condition for low AC loss and high Ic performance and we 
applied this condition to a 100m long MOD derived CC. The thickness of the Ag layer plus the YBCO layer of the 
100m long CC was the same as the short sample mentioned above. The hysteresis loss of the 100m long MOD 
derived CC was reduced down to 1/10 (1/the number of filaments) in whole region after the multi-filamentation as 
shown in Fig.4.  
 
Fig. 4. Comparison of hysteresis losses before and after the excimer laser scribing (The imaginary parts of AC susceptibility). 
 
4. Conclusion 
 We have studied the multi-filamentation process by using the excimer laser for MOD derived CCs. We defined an 
index of the accumulated local irradiated energy density “P”. Then we modified P to P' as a variable factor in this 
study. The scribing was insufficient for reduction of the hysteresis loss in the case of P'  ӌ 6[J/(m/s)]. It was found 
that the larger P' condition than 6[J/(m/s)] was necessary for certain scribing for the sample which has the thickness 
condition used in this study. However, it was also found that the degree of Ic degradation by scribing increases with 
increasing P'. In the case of P' ~ 9[J/(m/s)], the reduction of the hysteresis loss was confirmed and the Ic degradation 
was suppressed as 28%, which was smaller than that of the scribed sample using the chemical etching. Therefore, 
we selected the scribing condition of P' = 9[J/(m/s)] for long tape and we applied the condition to a 100m long MOD 
derived CC. The hysteresis loss of the 100m long MOD derived CC was reduced down to 1/10 (1/the number of 
filaments) after the multi-filamentation process.  
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